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Tables (7)

Table S1. The contaminants of emerging concerns (CECs) selected in the study
	CECs
	Abbreviation
	Chemical Structure

	Antibiotics
	
	

	Trimethoprim
	TMP
	


	Clarithromycin
	CLTR
	
 

	Sulfamethoxazole
	SMX
	


	Sulfamethazine
	SMZ
	
 

	Nonsteroidal anti-inflammatory drugs (NSAIDs)
	
	

	Acetaminophen
	ACT
	


	Naproxen
	NPX
	


	Diclofenac
	DFC
	


	Ibuprofen
	IBU
	


	
Antimicrobial
	
	

	Triclosan
	TCS
	


	Beta-blockers
	
	

	Atenolol
	ATL
	



	Metoprolol
	MPL
	


	Anticonvulsants/Antidepressants
	
	

	Carbamazepine
	CBZ
	


	Fluoxetine
	FLX
	


	Additives 
	
	

	Benzotriazole
	BTA
	


	Plasticizers
	
	

	Bis-phenol A
	BPA
	


	Stimulants
	
	

	Caffeine
	CAF
	


	




Insect Repellents
	
	

	[bookmark: _Hlk82614901]N,N-diethyl-m-toluamide
	DEET
	


	Herbicides
	
	

	Atrazine
	ATZ
	


	Flame Retardants
	
	

	Tris(2-chloroethyl) phosphate
	TCEP
	


	Antidiabetics
	
	

	Metformin
	METF
	


	Steroid Hormones
	
	

	Estrone
	E1
	


	Disinfection by-products (DBPs)
	
	

	N-nitrosodimethylamine
	NDMA
	[image: ]






Table S2. The design and operational parameters of the lagoon system in the WWTP
	Lagoon system
	Parameters

	
	Retention time (days)
	Depth (m)
	Surface area (hectares)
	BOD removal (%)

	Anaerobic pond
	2
	4
	4
	60

	Facultative pond
	5-7
	2
	30
	65

	Maturation pond
	3
	1.5
	32
	40



Table S3. Mobile phase program
	Time (min)
	Solvent B (%)

	0.01
	10

	10.0
	30

	30.0
	30

	50.0
	90

	52.0
	10

	60.0
	Stop



Table S4. MS acquisition details of individual CECs
	PPCPs
	Molecular weight
	Precursor ion
	Product ion
	Collision Energy
	Quantifier to qualifier ratio
	Retention time
	ESI polarity

	
	
	
	Quantifier ion
	Qualifier ion
	Quantifier, Qualifier
	
	
	

	Trimethoprim
	290.32
	 291
	261.10
	230.10
	-26, -24
	70
	16.600
	+

	Clarithromycin
	733.93
	748.50
	158.20
	590.40
	-28, -19
	32.84
	51.441
	+

	Sulfamethoxazole
	253.279
	254.20
	156.00
	92.10
	-15, -26
	74.65
	7.706
	+

	Sulfamethazine
	278.33
	279.00
	186.00
	124.00
	-17, -21
	50.96
	11.479
	+

	Acetaminophen
	151.163
	152.30
	110.10
	93.10
	-17, -24
	31.58
	7.339
	+

	Naproxen
	230.26
	229.30
	185.20
	170.20
	7, 26
	82.77
	22.105
	-

	Diclofenac
	296.148
	294.10
	250.10
	214.10
	12, 20
	4.17
	41.362
	-

	Ibuprofen
	206.29
	205.40
	161.20
	-
	9
	-
	41.452
	-

	Atenolol
	266.336
	267.30
	145.10
	190.10
	-26, -18
	73.22
	8.739
	+

	Metoprolol
	267.364
	268.30
	116.20
	74.20
	-19, -22
	92.83
	24.413
	+

	Carbamazepine
	236.269
	237.30
	194.10
	179.10
	-19, -33
	11.51
	39.203
	+

	Fluoxetine
	309.33
	310.15
	44.15
	148.10
	-12, -8
	9.28
	50.302
	+

	Triclosan
	289.54
	286.80
	35.05
	-
	70
	-
	52.468
	-

	Benzotriazole
	119.12
	120.30
	65.10
	92.10
	-22, -21
	14.94
	13.585
	+

	Bisphenol A
	228.29
	227.40
	212.10
	133.10
	18, 27
	35.33
	45.745
	-

	Caffein
	194.19
	195.20
	138.10
	110.10
	-20, -21
	21.51
	10.708
	+

	TCEP
	286.65
	287.00
	224.95
	125.00
	-13, -16
	92.91
	36.480
	+

	Atrazine
	215.68
	216.10
	174.15
	132.10
	-17, -22
	22.11
	41.878
	+

	DEET
	191.274
	192.30
	119.10
	91.10
	-17, -30
	91.88
	40.967
	+

	Metformin
	129.164
	130.25
	71.10
	60.05
	-22, -13
	84.77
	2.284
	+

	Estrone
	270.366
	269.35
	159.15
	145.05
	35, 41
	12.23
	2.700
	-



Table S5. LODs, LOQs, and average recoveries of target CECs 
	CECs
	LODs
(ng/L)
	LOQs (ng/L)
	Recoveries Inlet (%)
	Recoveries Pre-Bio (%)
	Recoveries Outlet (%)

	Antibiotics
	
	
	
	
	

	TMP
	4
	12
	75±2
	64±2
	77±3

	CLTR*
	2
	7
	9±0.4
	16±1
	32±1

	SMX*
	37
	120
	3±2
	4±0.4
	16±0

	SMZ
	3
	9
	36±3
	22±2
	59±3

	NSAIDs
	
	
	
	
	

	ACT
	13
	40
	76±7
	78±2
	119±2

	NPX
	109
	360
	97±5
	94±1
	98±5

	DFC
	20
	63
	68±1
	59±1
	61±0.1

	IBU
	76
	250
	48±5
	38±0.3
	58±0.3

	Antimicrobial
	
	
	
	
	

	TCS
	83
	274
	53±1
	40±0.3
	57±1

	Beta-blockers
	
	
	
	
	

	MPL
	12
	40
	101±2
	102±6
	106±8

	ATL*
	61
	200
	8±0.5
	25±0.1
	9±0.1

	Anticonvulsants/
Antidepressants
	
	
	
	
	

	CBZ
	3
	10
	72±2
	100±0.4
	79±2

	FLX
	1
	3
	79±1
	77±0.2
	78±0.3

	Additives 
	
	
	
	
	

	BTA
	20
	60
	109±1
	118±3
	112±6

	Plasticizers
	
	
	
	
	

	BPA 
	55
	180
	66±8
	67±1
	61±5

	Stimulants
	
	
	
	
	

	CAF
	25
	80
	92±3
	86±0.4
	101±4

	Insect Repellents
	
	
	
	
	

	DEET
	3
	10
	48±3
	98±5
	97±1

	Herbicides
	
	
	
	
	

	ATZ 
	6
	20
	128±2
	135±5
	131±4

	Flame Retardants
	
	
	
	
	

	TCEP 
	25
	80
	110±3
	105±5
	104±2

	Antidiabetics
	
	
	
	
	

	METF*
	6
	20
	4±0.1
	3±0.1
	1±0.1

	Steroid Hormones
	
	
	
	
	

	E1
	6
	20
	41±1
	44±0
	41±7

	DBPs
	
	
	
	
	

	NDMA**
	5
	15
	-
	-
	-


*CECs with very low (<20%) SPE recoveries
[bookmark: _Hlk112780188]**NDMA was only analyzed for its presence/absence.



Table S6. Typical composition of domestic wastewater
	Parameters
	Categorya

	
	Weak
	Medium
	Strong

	TSS (mg/L)
	100
	220
	350

	BOD (mg/L)
	110
	220
	400

	COD (mg/L)
	250
	500
	1000

	TOC (mg/L)
	80
	160
	290

	TN (mg/L)
	20
	40
	85

	 TP (mg/L)
	4
	8
	15

	N-NH4+ (mg/L)
	12
	25
	50


a. (Metcalf et al. 2003).



Table S7. Removal efficiencies of the detected CECs by various WSP systems with seasonal variation and their relevant properties
	CECs
	Removal efficiencies (%)
	Season/
Temperature
	Ref
	Log Kow
	Log Kd
	Kbio (L/gSS/d)

	Antibiotics
	
	
	
	
	
	

	TMP
	97
	Warm
	(Li et al. 2013)
	0.91a 
	1.41a
	0.29‒5.04b

	
	-163
	Cold
	
	
	
	‒1.44‒0.24c

	
	70.8
	Warm
	(Hoque et al. 2014)
	
	
	

	
	14
	Cold
	
	
	
	

	
	98-99
	-
	(K'Oreje et al. 2018)
	
	
	

	
	80-90
	-
	(Kairigo et al. 2020)
	
	
	

	SMX
	98.9
	Warm
	(Hoque et al. 2014)
	0.89a
	1.04a
	0.24c 

	
	69.5
	Cold
	
	
	
	0.19‒0.2d

	
	100
	-
	(Camacho-Muñoz et al. 2012)
	
	
	0.01<Kbio<0.1e

	
	58-99.7
	-
	(K'Oreje et al. 2018)
	
	
	

	
	97
	-
	(Muriuki et al. 2020)
	
	
	

	
	20, 80
	-
	(Kairigo et al. 2020)
	
	
	

	SMZ
	26-99
	-
	(K'Oreje et al. 2018)
	0.89a
	1.30 a
	0.57f f

	NSAIDs
	
	
	
	
	
	

	ACT
	100
	Warm
	(Matamoros et al. 2016)
	0.46i g
	1.92c
	58‒80;106‒240g

	
	98
	Cold
	
	
	
	

	
	~100
	-
	(K'Oreje et al. 2018)
	
	
	

	
	79
	-
	(Kumar and Kumar 2020)
	
	
	

	IBU
	99
	Warm
	(Li et al. 2013)
	3.5a
	0.85a 

	1.96‒70h

	
	81
	Cold
	(Li et al. 2013)
	
	
	

	
	99
	Warm
	(Matamoros et al. 2016)
	
	
	  

	
	100
	Cold
	(Matamoros et al. 2016)
	
	
	

	
	91.5
	Warm
	(Hoque et al. 2014)
	
	
	

	
	78.3
	Cold
	(Hoque et al. 2014)
	
	
	

	
	99 to ~100
	-
	(K'Oreje et al. 2018)
	
	
	

	
	77
	-
	(Ying et al. 2009)
	
	
	

	
	75
	-
	(Camacho-Muñoz et al. 2012)
	
	
	

	
	99
	-
	(Hijosa-Valsero et al. 2010)
	
	
	

	Antimicrobial
	
	
	
	
	

	TCS
	99
	Warm
	(Li et al. 2013)
	4.76a
	3.59a
	1.2‒3.6c

	
	95
	Cold
	(Li et al. 2013)
	
	
	

	
	90
	Warm
	(Matamoros et al. 2016)
	
	
	

	
	88
	Cold
	(Matamoros et al. 2016)
	
	
	

	
	97.2
	Warm
	(Hoque et al. 2014)
	
	
	

	
	42.5
	Cold
	(Hoque et al. 2014)
	
	
	

	
	85
	-
	(Ying et al. 2009)
	
	
	

	Anticonvulsant/Antidepressants
	
	
	
	

	CBZ
	-362
	Warm
	(Li et al. 2013)
	2.45a
	1.95a 
	<0.008;<0.005; <0.06;<0.03<0.1g

	
	-122
	Cold
	(Li et al. 2013)
	
	1.31‒1.83h
	0c

	
	29
	Warm
	(Matamoros et al. 2016)
	
	1c
	

	
	73
	Cold
	(Matamoros et al. 2016)
	
	
	

	
	-9.28
	Warm
	(Hoque et al. 2014)
	
	
	

	
	-51.4
	Cold
	(Hoque et al. 2014)
	
	
	

	
	6
	-
	(Ying et al. 2009)
	
	
	

	
	12
	-
	(Camacho-Muñoz et al. 2012)
	
	
	

	
	-79 to 89
	-
	(K'Oreje et al. 2018)
	
	
	

	FLX
	-
	-
	-
	4.05 a
	0.699a
	0‒0.04j

	
	
	
	
	
	0.7‒3a
	

	Additives 
	
	
	
	
	
	

	BTA
	55
	Warm
	(Matamoros et al. 2016)
	1.44k
	2.34k
	0.22k

	
	45
	Cold
	(Matamoros et al. 2016)
	
	
	

	Plasticizers
	
	
	
	
	
	

	BPA 
	89
	Cold
	(Matamoros et al. 2016)
	3.32a
	2.28k
	0.48‒12.2i

	
	30
	Warm
	(Qiang et al. 2013)
	
	
	

	
	20
	Cold
	(Qiang et al. 2013)
	
	
	

	
	~100
	-
	(Froehner et al. 2011)
	
	
	

	Stimulants
	
	
	
	
	
	

	CAF
	100
	Warm
	(Li et al. 2013)
	0.01l
	<1.4‒2.15b 
	>10e

	
	99
	Cold
	(Li et al. 2013)
	
	<2.5m
	0.48‒156.24b

	
	97
	Warm
	(Matamoros et al. 2016)
	
	
	

	
	100
	Cold
	(Matamoros et al. 2016)
	
	
	

	
	98
	-
	(Ying et al. 2009)
	
	
	

	
	99.6
	-
	(Froehner et al. 2011)
	
	
	

	
	65
	-
	(Camacho-Muñoz et al. 2012)
	
	
	

	
	83
	-
	(Hijosa-Valsero et al. 2010)
	
	
	

	Insect Repellents
	
	
	
	
	

	DEET
	-
	-
	-
	2.18a
	1.91a
	0.109e
0.3p

	Flame Retardants
	
	
	
	
	

	TCEP 
	28
	Warm
	(Matamoros et al. 2016)
	1.44n
	<2.45n
	-

	
	14
	Cold
	(Matamoros et al. 2016)
	
	
	

	Flame Retardants
	
	
	
	
	

	METF
	-
	-
	-
	‒4.9o
	1.59o
	-


Kow, octanol-water partition coefficient; Kd, adsorption constant onto sludge (L/kg); Kbio, biodegradation rate constants (L/gSS/d); a. (Das et al. 2017); b. (Parida et al. 2021); c. (Blair et al. 2015); d. (Muriuki et al. 2020); e. (Junwon 2016); f. (Kim and Zoh 2016); g. (Kosma et al. 2014); h. (Carballa et al. 2008); i. (Saidulu et al. 2021); j. (Pomies et al. 2015); k. (Garcia et al. 2021); l. (Gonçalves et al. 2017); m. (Xu et al. 2021); n. (Xu et al. 2021); o. (Briones et al. 2016); p. (Helbling et al. 2010).
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